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INTRODUCTION 
The productive capacity of land areas "bearing food crops 
is much better understood than the productivity of natural 
aquatic communities. This is due largely to the lack of 
effective methods for measuring in situ rates of photosynthe­
sis until comparatively recent times. Large scale laboratory 
experiments have shorn that algal cultures can produce an 
annual yield in excess of 100 tons (dry weight) per acre under 
ideal conditions (Burlew, 1953)» This is several times the 
yield of any agricultural crop. Optimum conditions for photo­
synthesis and growth seldom occur in nature, however, and such 
high yields would not ordinarily be obtained. 
The productivity of an aquatic community of plants and 
animals was first defined by Thienemann (1931) as the rate at 
which (organic) matter accumulates. This corresponds closely 
to what is currently called "net production". In his review 
of the development of the concept of productivity, Macfadyen 
(I94S) pointed out that there existed a basic unanimity of 
thought among biologists concerning the meaning of productivi­
ty, but that terminology used in the literature was often 
poorly defined. The term "primary productivity" will be used 
here to mean the quantity of organic matter formed by photo­
synthesis per unit time. 
The synthesis of organic matter results in a transfor­
mation of solar energy into latent chemical energy. Maefadyen 
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suggested that a valid measure of the "richness" of an aquatic 
community would be the rate of energy flow through it. He 
called this energy flow, in calories per unit time, "activity". 
The activity of the entire system can be measured by determin­
ing the primary productivity if the rate of degradation equals 
the rate of synthesis. However, this balance seldom exists. 
When the total (gross) primary productivity exceeds the cata-
bollc rate of organic materials In the system there is an 
accumulation of matter. The rate of accumulation of photo-
synthate (food) is here termed "net primary productivity". 
The rate of energy flow into an aquatic community pro­
vides an indication of the photosynthetlc activity of the 
population but tells nothing about the accumulation of biomass 
at higher levels in the food chain. This accumulation, called 
"yield" by Hacfadyen, is of great interest to the fisheries 
biologist, 
One step toward a better understanding of the population 
dynamics of an aquatic ecosystem is a knowledge of the food 
budget available at the primary (plant) level. Early estimates 
of primary productivity were based largely upon measurements 
of the standing crop of plankton. The significance of these 
estimates was obscured by the lack of information concerning 
generation times and food conversion coefficients. 
The first quantitative method of measuring the organic 
productivity of phytoplankton in situ was described by G-aarder 
and G-ran (I927). Changes in dissolved oxygen due to photo­
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synthesis are considered directly proportional to the quantity 
of organic matter produced. The oxygen method measures both 
gross and net rates of organic synthesis. The application of 
carbon-l4 techniques to the study of photosynthesis in the 
oceans by Steemann Nielsen (1952) provided a more sensitive 
method. It is limited to the measurement of net rate, however 
(Byther 1956a). 
The study of carbon fixation in Clear Lake, Iowa, is 
intended to complement studies of fish population dynamics 
which have been carried out in the lake since 194-1. Clear Lake 
is a shallow, eutrophic lake having an area of approximately 
3,64-2 acres (Iowa State Highway Commission, I917). On the 
basis of soundings made during a period of low water level 
(lewa State Planning Board, 1935) such as prevailed during 
I95S and I959, the average depth of the main body of the lake 
was estimated as 7*5 ft. (2.3 meters). The principal limnolog-
ical features of the lake were reported by Pearcy (1953)• 
Because of the low transparency of the water, submergent 
vegetation is restricted to the very shallow water near the 
shore. The gradual reduction in depth in recent years has 
caused great changes in the shore-line. The effect of these 
changes upon the location and quantity of submergent and 
emergent vegetation has not been evaluated. It will be assumed 
that the contribution of the vascular aquatic plants of the 
lake to the overall primary productivity is negligible. 
Il 
EXPERIMENTAL METHODS 
Sailing Stations and Methods 
During the summer of 19 5& sampling was carried out at 
three stations (Pig. 1) to obtain information concerning the 
primary productivity in different regions of the lake. The 
water in the main body of the lake was well mixed by wind 
action as evidenced by the small temperature gradient with 
depth. Although the water depth at stations I and II was 12 
feet, the observed difference between surface and bottom 
temperature exceeded 2° C on only one occasion (3»7° O. The 
west end of the lake (station III) was very shallow (3*5 ft.) 
and was relatively isolated from the rest of the lake. 
In 1959 sampling was confined to station I in order to 
bring full attention to the problem of clarifying more pre­
cisely the relationship between productivity, depth, and light 
intensity, and to examine daily variations in productivity. 
Water samples were taken with a 3-liter Kemmerer sampler 
and placed in 300 ml., glass-stoppered bottles (Geo. T. Walker 
& Co., No. 6-035)» Bottles used for in situ measurements of 
productivity were suspended in simple baskets or racks made 
from galvanized wire by the author. These proved to be light, 
strong, and semi-rigid. They provided positive positioning 
and separation of replicate bottles. The bottles were sus­
pended at 0.3, 0.5, or 1.0 meter intervals in I95S, and at 0.1 
or 0.3 meter intervals in 1959• Three replicate bottles were 
S T A T E  F I S H  
H A T C H E R Y  
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. 1, Map of Clear Lake, Iowa, showing stations I, II and III 
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used at each level for measurements of both oxygen evolution 
and carbon-l4 fixation. The bottles were suspended in the lake 
from sunrise to noon. 
The Carbon-l4 Method 
The preparation of carbon-14 for field and laboratory use 
followed the general procedure given by Aronoff (195& p. 71) 
and Steemann Hielsen (1952A952>). Dilute perchloric acid was 
allowed to act on BaC^O^ in an evacuated chamber and the CP-^Og 
evolved was absorbed in 0.1 H (carbon dioxide-free) sodium 
hydroxide. The vessel was allowed to stand 24- hours. The 
labelled sodium bicarbonate was diluted with freshly boiled 
distilled water, adjusted to pH 9> and held under nitrogen 
while 1 ml. aliquots were delivered to glass ampoules. The 
ampoules, each containing approximately 4 microcuries, were 
sealed and autoclaved. The earbon-l4 activity of the ampoules 
was assayed by plating aliquots, as barium carbonate, in vary­
ing precipitate thicknesses. The self absorption curves ob­
tained were used to determine the activity of the ampoules at 
zero precipitate thickness. The barium carbonate plates, on 
HA Millipore filters (0.45 micron pore diameter), were counted 
with the same geometry as the labelled algae plates. 
The content of one ampoule was added to each J00 ml. 
water sample. On some occasions the contents of several am­
poules were pooled in a serum type vial immediately prior to 
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the start of the experiment and measured amounts were withdrawn 
with a syringe and added to each sample. Replicate bottles 
were suspended in the lake as described above. Control bottles, 
placed in metal containers ("dark™ bottles), were suspended at 
only one level. 
At the end of an exposure period the bottles were removed 
from the lake and taken in light-tight cases to the laboratory 
at the fish hatchery. One aliquot from each replicate sample 
was filtered through an BA Millipore filter (1.2 micron pore 
diameter). Because of the large amount of detritus in the lake 
the filters would pass only small volumes of water. Aliquot 
volumes varied from 5 to 25 ml., but were constant for any one 
experiment. The algal residues were treated on the filters 
with EC1 fumes to remove inorganic carbon-l4, dried, and count­
ed ( Nuclear-Chicago D-3^ end-window tube and model 151 scaler). 
The mean counting rate of the control samples was subtracted 
from the counting rate of the algal residues. 
The labelled algal residue on the filters was assumed to 
have zero thickness (mg./cm.2). This was tested in one experi­
ment by examining residues from a series of aliquot volumes for 
self-absorption effects. Five ml., 10 ml., and 15 ml. aliquots 
( one each) were filtered from six different samples (Table 1). 
In another experiment 5 ml., 10 ml., and 15 ml. aliquots 
(9 replications each) were filtered from one sample (Table 2). 
It is apparent from these data that no measurable self-
8 
Table 1. The relation of algal activity to aliquot volume, 
August 8, 1958, expressed as the mean ratio: 
activity of aliquot/activity of 5 ^ 1. aliquot 
Aliquot volume (ml.) 5 10 15 
Mean activity ratio 1.00 2.04 3-°2> 
t05S£ - 0.11 0.12 
Table 2. The relation of algal activity to aliquot volume, 
October 18, 1958 
Aliquot volume (ml.) 5 10 15 
Mean activity (cpm.) 610 1228 1895 
WSJ 23 112 38 
Activity ratio 1.00 2.01 3»H 
absorption occurred with the aliquot volumes tested. 
Measurements of carbon assimilation in photosynthesis are 
confounded by non-photosynthetic fixation of carbon dioxide. 
This phenomenon was first discovered by Wood and Werkman 
(1930) In bacteria. It has since been found in higher plants 
and animals. Eammen and Osborne (1959) reported that carbon­
ic fixation occurred in representatives of 14 phyla of marine 
invertebrates investigated by them. The fixed carbon-14 was 
found principally in succinic, malic, and fumaric acids. 
"Dark" control bottles (described earlier) are used to 
make corrections for dark-fixation. 
In order to determine the effectiveness of retention of 
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smaller algal cells by the EA filters, pooled aliquot filtrates 
were refiltered through HA filters. The resulting plates were 
processed in the same manner as the RA filters. 
Assuming 100 per cent retention of the algae by the HA 
filters, the loss of activity (organisms) through the RA 
filters exceeded 1 per cent in only one case (Table 3), and 
generally was much less. 
Table 3« The retention of algae by RA filters (1958) 
Activity of No. cf Activity of HA 
residue on aliquots residue per 
RA filter pooled pooled aliquot 
Date (cpm.) ( cpm. ) 
July 3 îïïi 19 0.46 n 9 7 .71 it 19 135.8 15 .22 
n 31 193.0 19 .00 
Aug 4 142.7 6 .06 8 7 113.9 29 .27 It 27 1W.5 
143.5 
24 .72 
Sept 3 18 .91 M 19 93.7 17 1.12 
Oct 18 IIS. 2 12 .86 
Nov 26 23.1 23 .00 
The total dissolved Inorganic carbon in the lake water, 
as carbonate and bicarbonate, was determined according to 
Welch (194g, p.214). Two hundred ml. volumes of lake water 
were titrated with 0.22 N sulfuric acid using phenolphthalein 
and methyl orange as indicators. 
The productivity of the samples was calculated by using 
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the relationship (Steeman Nielsen 1952): 
Carbon fixed = activity (cpm.) X Total carbon 
Activity added (cpm. ) 
A factor of 1.11 was used to correct for isotope discrimination. 
The values obtained as mg. of carbon fixed per liter were 
doubled and considered to be the dally rates. Support for this 
procedure is found in the data presented in Figure 2. Esti­
mates of daily carbon fixation based on a one-half day exposure 
are compared with estimates obtained from a full-day exposure. 
The morphometry of the lake basin permits a continuous 
mixing of the water by wind action. The algae in the photic 
zone are not subject to the same light conditions for long 
periods of time. However, when algae are placed in bottles and 
suspended at fixed depths, there is prolonged exposure of sur­
face samples to high light Intensities. This is one of the 
chief disadvantages of techniques using bottles. 
In an effort to circumvent this problem Yerduln (1951) 
measured productivity in western Lake Erie by following changes 
in the alkalinity of the water (pH method), and obtained greater 
rates of productivity than were found using bottle methods. No 
bottle effect was found by Jackson and McFadden (195^) when they 
compared the pH method with bottle methods. Clear Lake is a 
highly buffered lake and attempts to use the pH method were not 
successful. 
In an effort to determine the effect of confinement on 
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MG CARBON FIXED/LITER/DAY 
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UJ 0.5 
1/2 DAY 
—> 100 
0800 2000 
T I M E  
Pig. 2. Comparison of productivity data obtained from 
one-half day and all day exposure of samples, 
June IS, I959 
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productivity, bottles were exposed for shorter time intervals 
during the morning of August 13, 1958. Fresh water samples 
were taken for each exposure period. The results obtained from 
three short term exposures are compared with data from bottles 
exposed for the entire morning (Table 4). The effect of photo-
inhibition on surface samples is evident. Surface productivi­
ty decreased as the light intensity increased, and the depth 
of maximum productivity shifted from 0.3 meter to 0.6 meter. 
Productivity values obtained from samples exposed one-half day 
are less than the "true® values, but are more representative 
than values obtained from all-day exposure. 
Table 4. A comparison of short and long term exposures, 
August 13, 195g 
Mg. carbon fixed/liter 
/ 
Depth (meters) 0 0.1 0.6 0.9 
Period 
0630-0230 O.457 0.455 O.325 O.I39 
0230-1030 O.356 O.324 0.365 0.201 
1030-1200 0.250 0.272 0.382 0.232 
Total itSbJ l!lil l!oiS 0I572 
0630-1200 O.765 O.939 0.721 O.554 
It is generally considered that the carbon-l4 method 
measures net primary productivity. Byther (1956a) found that 
carbon-14 labelled algae in an isotope-free medium lost no 
respiratory carbon during photosynthesis. Franck (1949) had 
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earlier pointed out the possibility of the reduction of re­
spiratory intermediates during photosynthesis. Further support 
comes from the general relationship between earbon-l4 and 
oxygen data. 
The Oxygen Method 
Dissolved oxygen determinations were made according to 
the method described by Welch (1$%, p. 206). Samples were 
given immediate treatment -when removed from the lake. One ml. 
each of manganous sulfate and KOH-KI solution was added to the 
samples. The bottles were inverted repeatedly and, when the 
precipitate had settled, one ml. of concentrated sulfuric acid 
was added. The bottles were again inverted to insure thorough 
mixing of the reagents. A 100 ml. volume from each replicate 
was titrated with 0.02$ N sodium thlosulfate using starch as 
an indicator. Titrations were completed within 4 hours after 
the samples were removed from the lake. 
For in situ measurements of photosynthesis water samples 
were placed in clear glass bottles ("light" bottles) and ex­
posed to light at various depths as previously described. Con­
trol bottles ("dark" bottles) were placed in metal containers. 
The initial oxygen concentration of the lake water was de­
termined and, at the end of each experiment, the final oxygen 
concentration in the sample bottles was determined. The excess 
oxygen (above the initial concentration) in the "light" bottles 
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was considered a function of net photosynthesis. The loss of 
oxygen In the "dark" bottles was ascribed to respiration. The 
difference in concentration of the oxygen between the light 
and dark bottles was considered a function of gross photo­
synthesis. 
A photosynthetic quotient (Og/COg) of 1 was used to 
convert changes in dissolved oxygen to productivity values 
expressed as mg. of carbon fixed per liter per day. 
The oxygen method has been used extensively by Riley 
(193S,194l), Manning and Juday (1941), Odum (1956), Byther 
(1956), and others. Some stimulation of bacterial activity 
occurs due to the presence of the glass surface (ZoBell 1943). 
This is corrected for by using accompanying dark bottles. 
Steemann Nielsen (1952) expressed doubts concerning the validi­
ty of results obtained from exposure periods longer than 24 
hours. He contended that sunlight had a bactericidal effect in 
the "light" bottles. Vaccaro and Byther (1954) examined the 
affect of sunlight on the respiration rates of bacteria in 
bottles and found no effect. They concluded that the method 
was valid •when used for exposure periods lasting several days. 
The conversion of oxygen data to values of organic produc­
tivity Is dependent upon the photosynthetic quotient (PQ) of 
the phytoplankton. Factors affecting the quotient value include 
species composition, population age, nutrition, and light In­
tensity. Barker (1935) » Manning _et al (1938), and others have 
found experimental PQ, values of about 1 for a wide variety of 
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species. However, on the basis of calculated PQ values and the 
work of Myers and Cramer (1948), Byther (1956b) suggested that 
a PQ of I.25 would be more representative of natural growth 
conditions. 
Net productivity values obtained with the oxygen method 
represent productivity above total respiration because of the 
presence of heterotropic plankton organisms, as well as phyto-
plankton, in the bottles. This means that measurements of net 
primary productivity obtained with the oxygen method should be 
lower than those obtained with carbon-l4. When a PQ of I.25 
was applied to the data from Clear Lake the carbon~l4 values 
came closer to gross oxygen values than to net values. For 
this reason a PQ of 1 was considered more valid. 
Plankton Enumeration 
Water was removed from the plankton by centrifugation 
(International Size 2) for 20 minutes at I500 X g. Centrifu­
gation was found by Ballantine (1953) to be an effective method 
of concentrating nannoplankton. Five per cent formalin pre­
servative was used. The algal concentrate from 200 ml. of lake 
water was diluted to 5 ml., and 1 ml. of this dilution was 
placed in a Sedgwick-Rafter cell. Ten standard fields were 
counted in one cell. The "unit" designations used in counting 
the plankton were those of Tucker ( 1948) as modified by Small 
(1959)• Although the unit method is quite popular it fails to 
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equate the different algal forms on any basis. 
Dry and Ash-Free Weight of Ses toil 
Seston (all particulate matter) was concentrated by cen-
trifugation (described above). Two to four replicate volumes 
(lake water) of 200 ml. each were used. The material was dried 
at 50® 0. for 24 hours and ashed at 5000 C. for JO minutes. 
Dry and ash-free weights were obtained. 
Dissolved Organic Carbon by Aqueous Combustion 
Lake water was passed through HA Millipore filters. The 
organic matter in the filtrate was considered to be dissolved. 
The quantity of organic carbon In the filtrate was determined 
according to the method of Anthony and Long (1952)» Forty ml. 
of the filtrate were placed in a combustion apparatus (Aronoff 
1956, p. 46) together with 0.4 gm. of potassium persulfate and 
1 ml. of 5 per cent silver nitrate. The temperature of the 
chamber was held at J0° C. for 20 minutes, and then at 100* C. 
for 20 minutes. The system was flushed with nitrogen during 
the combustion. The carbon dioxide evolved was absorbed la 
0.1 H sodium hydroxide and precipitated as barium carbonate. 
The precipitate was vacuum filtered on HA Millipore filters 
and dried on the filter base, under vacuum, with a heat lamp. 
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Chlorophyll Determinations 
Determinations of the chlorophyll content of cultured 
algae followed'the general methods proposed by Creitz and 
Richards (1555)•' The algae were filtered on BA Millipore 
filters, vacuum dr-Iectj. e^d seeped in $0 per cent acetone (aque­
ous) for 24 hours at ^oom temperature. No difficulty was en­
countered in the dissolution of the filters as was reported by 
Small (1959 ) • However, visual inspection disclosed that seep­
ing alone was not very effective in removing the chlorophylls 
from Pediastrum boryanum and Anabaena spiroides. The amount 
of pigment removed from the algae was greatly increased by 
heating to 50® C. for 30 minutes during extraction. Further 
improvement (100 per cent) was achieved by using a Potter-
Si v eh j era homogenizer. 
The chlorophyll in the lake seston -was found to be most 
efficiently removed by freezing and homogenizing before seeping , 
in acetone. 
The acetone extracts were cleared by centrifuging 10 
minutes (International Clinical- Model CI), and diluted to a 
standard volume (10 ml.). A Beckman DU or Cary recording 
spectrophotometer was used to determine the optical density of 
the extracts at 665, 645, and 630 millimicrons. The empirical 
formulas given by Richards with Thompson (195^) were used to 
calculate the concentration of chlorophyll a, b, and £ in the 
extracts. 
IS 
Light and Temperature Measurements 
Water temperature was measured with a Whitney resistor 
thermometer. Measurements of "relative" surface and submarine 
illumination were made with a Whitney submarine photometer. 
The instrument was calibrated with a Weston photometer (Model 
756) and the regression equation obtained (Fig. 3) was used to 
convert relative units to foot-candles. Readings of surface 
illumination obtained at 1 hour intervals during field experi­
ments were graphically integrated to obtain foot-candle-hours 
of illumination. This unit does not take into account the 
difference in the photosynthetic response of the algae at 
different levels of light intensity, but it does provide an 
estimate of the total light energy available for photosynthesis 
at the surface of the lake. 
The transparency of the water was measured frequently with 
a Secchi disk. Because of the low transparency in 1959» &&d 
the irregularity of the water surface due to wave action, pre­
cise measurements were difficult to obtain. 
Laboratory Culture Technique 
Cultures of several species of algae from Clear Lake were 
maintained in an illuminated growth chamber. These included: 
Chlorophyta: Pediastrum boryanum 
Staurastrum gracile 
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Fig. 3« The relationship between relative illumination 
and foot candles 
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Chry sophy ta: Nitzschia palea 
" communis 
Myxophyta: Anabaena splroldes 
The temperature was maintained at 70® C. by a cooling 
unit. Illumination at a level of approximately 300 f.c. was 
provided by fluorescent and tungsten lamps. A daily illumi­
nation period of 14 hours was regulated by an automatic timing 
device. 
Chu (1946) medium #10 was used as the basic inorganic 
culture medium. Sodium bicarbonate (250 mg./liter) was sub­
stituted for sodium carbonate. This provided an increased 
buffering capacity and a lower pH. Ten to 60 ml. of soil 
extract were added per liter of culture medium depending upon 
the amount needed for vigorous growth of the different species. 
The soil extract was prepared by autoclaving equal parts of 
soil mixture (3 parts soil, 1 part sand, and 1 part manure) and 
water. The material was allowed to stand until the supernatant 
was clear. 
Light-Chamber Studies of Photosynthesis 
For studies of photosynthesis the algal cultures were con­
centrated by centrifugatlon and diluted to a standard volume 
(100 ml.). The cell density was estimated by counting 10 
standard fields in each of two Sedgwick-Kafter cells. Aliquots 
of this stock volume were diluted with modified Chu #10 de-
21 
scribed previously) to provide experimental cultures with lo5 
or 10^ units per liter. The material was placed in 6 replicate 
bottles, and 4 micro curies of carbon-14- activity were added to 
each. Five bottles were illuminated in the light chamber for 
4- hours at approximately 6oo f.c. One bottle was used as a 
"dark" control. The bottles were shaken at hourly intervals to 
prevent the algae from settling to the bottom. At the end of 
the exposure period a 100 ml. volume from each bottle was 
filtered and treated as described previously. 
Aliquots of the stock culture were taken for chlorophyll 
determinations. 
22 
RESULTS AND DISCUSSION 
Introduction 
The productivity of many agricultural crops is about 2 
gm. carbon/m2/day (Transeau 1926). The photosynthesis of ma­
rine phytoplankton populations has been estimated by Riley 
(3-953) > Steeman Nielsen (195*4-), and Ryther and Yentsch (195&) 
to vary from 0,15 g™» carbon/m^/day in the open sea to 3»2> gm. 
carbon/m2/day in coastal -waters. These values are exceeded by 
bottom flora in Pacific atolls (Odum and Odum 1955) and by 
rooted hydrophytes such as cattail and water hyacinth (Penfound 
1956). The productivity of eutrophic lakes ranges from O.25 to 
2.5 gm. carbon/m2/day (Gessner 19^9). 
The similarity in the rates of carbon fixation by aquatic 
and land plant communities indicates an almost equal efficiency 
in the conversion of incident light energy to chemical energy. 
An efficiency of about 0.8 per cent via s reported by Riley for 
the northeastern Atlantic. The same efficiency was estimated 
for land plants (Rabinowitch 1951, p. 1006). 
The gross productivity of Clear Lake (0.21-2.66 gm. 
carbon/m^/day) fell within the range given by G-essner. The 
efficiency of utilization of incident light energy was esti­
mated for the period June 23-July 23, 1958, during which the 
gross production averaged 1.94- gm. carbon/m^/day (this is 
equivalent to ^.85 gm. glucose). The incident light 
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energy averaged 2500 Kcal/m2/day. The calculated average 
efficiency was 0.72 per cent. 
Comparison of Oxygen and Carbon-l4- Data 
Data from the oxygen and carbon-1%- methods were in good 
agreement. In every field experiment, estimates of productivi­
ty obtained with the carbon-1% method fell between the gross 
and net values obtained w i th t h e oxygen m ethod ( Table 5 ) •  
Table 5- Productivity estimates from carbon-l4 and oxygen 
data (mg. carbon/m2/ day ) 1J5& 
Method 
Net oxygen Carbon-l4 Gross oxygen 
Date 
June 23 0.89 1.07 1.55 
• 26 1.12 1.52 l.gg 
July 3 1.4-2 1.63 2.21 
" 9 O.97 1.26 I.92 
" 23 0.77 1.26 1.21 
Since respiration values based on "dark" bottle oxygen 
consumption by all plankton!c organisms are subtracted from the 
"light" bottle oxygen concentration to obtain net productivity, 
the oxygen method gives lower estimates of primary productivi­
ty than the carbon-1^ method. The relative respiration rates 
of the heterotrophic and autotrophic organisms may vary con­
siderably from time to time. The ratio of oxygen evolved to 
2 4  
carbon dioxide fixed (PQ) is also variable. Together, these 
factors will affect the relationship between the measurements 
of net photosynthesis obtained with the two methods. The PQ 
used (1.00) is at best only an approximation. 
Station Differences in Productivity 
In order to compare the productivity in different parts 
of the lake in 1958, measurements of photosynthesis were made 
at 2 stations on June 26, July 31, August 7, and October 18. 
Measurements at 3 stations were made on August 27, and September 
19 (Fig. 4). 
On June 26, August 27, September 19, and October 18, repli­
cates were suspended at the same depth intervals at all 
stations studied on the particular day (staggered depth inter­
vals were used July 31, and August 7)• An analysis of variance 
of the data from stations I and II for these dates revealed a 
significant difference (0.05 level) between the two stations on 
one date only (August 27): 
June 26 
Source of variation d.f. 
Sums of 
sauares 
Mean 
squares 
Stations 
Depths 
SXD (interaction) 
Error 
1 
2 
2 
12 
" TV-
O.OI9273 
3.0%$4i9 
0.153501 
0.071513 1 oni -?r\L 
O.OI9273 
I.522710 
0.076750 
O.OO6126 
Among stations: F = 3.1^0 (not significant at 0.05 level) 
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August 27 
Source of variation d.f, 
Sums of 
sauares 
Mean 
sauares 
Stations 
Depths 
SXD (interaction) 
Error 
1 
5 
Total 
0.085752 
12.456742 
0.174868 
0.142384 
0.085752 
2.491348 
0.034974 
0«005933 
Among stations: 
~ 35 12.8597% 
P = 14.453 (significant at 0.01 level) 
September 19 
Sums of 
squares 
O.OO9866 
3.095254 
0.04-8009 
0.296868 
Source of variation d.f, 
Mean 
squares 
O.OO9866 
0.619051 
0.009602 
0.012370 
Stations 
Depths 
SXD (interaction) 
Error 
1 
5 
Total 35 3.449997 
Among stations: F = O.79S (not significant at 0.05 level) 
October 18 
Source of variation d.f. 
Sums of" 
squares 
Mean 
squares 
Stations 
Depths 
SXD (interaction) 
Error 
1 
6 
6 
28 
0.050129 
3.567919 
0.408863 
0.82604 
0.050129 
0.029502 
Total m 4.85295! 
Among stations: F = I.699 (not significant at 0.05 level) 
Small (1959) took plankton samples at widely scattered 
points In the lake on July J, July 24, and August 25. A sig­
nificant difference was found in the variance among the points 
on August 25. This was approximately the time at which a 
significant difference in productivity was observed between the 
two stations. 
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Analysis of covarlance -was used to compare the regression 
of log-j_Q illumination on depth at the two stations on August 
7, August 27, September 19, and October 18. The tests showed 
no significant differences between regression coefficients on 
the above dates. 
Student's "t" was used to test differences in mean ash-
free weights of seston at the two stations on June 6. July 31» 
August 27, September 19, and October IS. Differences, though 
significant on two dates, were small. 
Table 6. Ash-free weight of seston at stations I and II, 1958 
Mean ash-free weight Student's "t"* 
Station I Station II 
Date 
June 26 11.625 11.875 O.562 
July 31 15.675 15.250 0.359 
August 27 17.700 16.825 2.346 
September 19 15.150 13.400 5.418** 
October 18 16.250 15.125 4.364** 
*With 6 degrees of freedom. 
^Significant at the 0.05 level. 
The differences in surface temperatures at the two 
stations never exceeded 2e C. It was assumed that conditions 
were generally uniform in the main body of the lake. 
The optical density of the water at station III was 
twice that at stations I and II. The ash-free weights (per 
m3) were twice as great as in the main body of the lake. The 
2 8  
photo synthetic zone was shallow (1 meter). However, the 
productivity (gm. carbon/m2/day) at station III was not great­
ly different from that of the main body of the lake. 
In general it may be said that the productivity at the 
three stations differed only slightly (Pig. 5) • 
Daily Changes in Primary Productivity (1959) 
In 1959 the depth of the photosynthetic zone was approxi­
mately one-half that of the previous year. This decrease is 
illustrated by a series of photosynthesis curves (Fig. 6). The 
photoplankton counts at station I (500-I300 units/ml.) were 
much larger than those reported by Small (1959) for the summer 
of 1958 (100-400 units/ml.). It was observed, also, that the 
optical density of the lake water was more than twice as great 
in 1959 as in 1958. 
In order to examine the magnitude of the daily differences 
in the productivity at one station, measurements of photo­
synthesis were made on consecutive days during the following 
periods: June 3~5; June 10-12; June 22, 23, 25; June 29-July 
1; and July 13-17. Hourly readings of surface illumination 
were taken also during these periods. 
If it is assumed that daily changes in productivity during 
periods of 2 or 3 days, are due largely to differences in 
incident light, comparisons can be made between total incident 
1958 
STATION I 
-•STATION H  
• STATION HE 
1959 
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\ 
\ 
\ 
\ 
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Fig. 5. Seasonal productivity, 195^ and 1959 
M  G  C A R B O N / L I T E R / D A Y  
5-19 6-5 
5-2 
Fig. 6. Changes in the photic zone, station 1,1959 
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light energy and productivity. The correlation between daily 
production and total incident light energy, during the period 
June 3-Aug. 12, was high (r = 0.S07)(Table 7). 
Examination of the photosynthesis curves revealed that 
the lower portions (below the maxima) were exponential, in form. 
Since photosynthesis decreased exponentially with depth, as did 
illumination, it was evident that light vjas the limiting factor 
even at very small depths (0.2 meter). 
When the photosynthesis data from these depths was trans­
formed to log-^Q values it was found that a linear function was 
approximated. This relationship permitted some tests for sig­
nificant differences in photosynthesis among days where missing 
data precluded the use of other treatments (June 3-5 > June 10-
12). 
Skies were essentially clear during the period of June 3-
5 (Fig. 7)- A& analysis of covariance of the transformed 
photosynthesis data showed no significant differences (.05 
level) between the slopes or elevations of the curves in the 
regions tested (0.2-0.8 meters); 
June 3-5 
Source of variation d.f. M
 
4*
 
M 
Mean 
sauares 
Within 
Beg. coeff. 
Common 
Adj. means 
Total 
12 
2 
14 
2 
16 
0.186702 
0.099927 
0.286629 
0.070080 
0.356709 
O.OI5558 
0.049964 
0.020474 
0.035040 
Reg. coeff.: F = 3*211 (not significant) 
Adj. means : F = I.7U (not significant) 
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Dally changes In surface Illumination and productivity, 
station I, June 3"*5> 1959 
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Differences in illumination during the period of June 10-
12 were much greater (Fig. 8). Analysis of the exponential 
regions of the photosynthesis curves showed no significant 
difference in slopes. Differences in the elevations of the 
curves were significant, however, indicating measurable differ­
ences in photosynthesis due to day to day changes in surface 
illumination: 
June 10-12 
Source of variation d.f. 
Mean 
squares 
Within 
Reg. coeff. 
Common 
Adj. means 
Total 
IS 
2 
20 
2 
22 
0.227433 
O.OI3679 
0.24-1112 
O.I47154 
0.388266 
O.OI2635 
0.006340 
0.012056 
0.073577 
Reg. coeff. : F = 0.54-1 (not significant). 
Adj. means : F = 6.103 (significant 0.05 level). 
The analysis of variance of the data from the periods, 
June 22-25, June 29-July 1, and July 13-17 indicated that there 
were significant differences in the productivity from day to 
day: 
June 22, 23, and 25 
Source of variation d.f. 
Sums of 
squares 
Mean 
squares 
Days 
Depths 
Interaction 
Error 
2 
il 
48 
0.950812 
19.2q2104 
2.143071 
0.389099 
0.475060 
2.841729 
0.153076 
0.00S106 
IT 
Among days: F = 58.606 (significant 0.01 level). 
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3 5  
June 29-July 1 
Source of variation d.f. 
Sums of 
squares 
Mean 
squares 
Days 
Depths 
Interaction 
Error 
2 
8 
16 
5%-
3.657625 
25.248059 
7.996690 
0.579407 
1.828812 
3.156007 
0.499793 
0.010730 
Among days: F = 170.439 (significant 0.01 level). 
July 13-17 
Source of variation d.f. 
Sums of 
squares 
Mean 
squares 
Days 
Depths 
Interaction 
Error 
4 
8 
32 
90 
IO.902935 
3I.II3I26 
8.866075 
1.291829 
2.725734 
3.889141 
0.277065 
0.014354 
Among days: r = .894 ( significant 0.01 level). 
The response of photosynthesis (per of surface) to 
changes in total incident light energy was almost linear dur­
ing the period June 29-July 1 (Pig. 10). 
The unusual photosynthesis curves for the week July 13-17 
were obtained during a bloom of Ceratlum (and other dino­
flagellates). Photosynthesis maxima occurred at two distinct 
depth intervals (Pig. 11). The peak in the curves at 0.5 
meters was possibly due to the response of the dinoflagellates 
to light intensities which were optimal for the species present, 
Daily fluctuations in production (gm. carbon flxed/m^) 
were conservative. Rodhe (195&) found daily differences as 
great as 3 fold in Swedish lakes. Observed differences in 
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Clear Lake were not greater than 2 fold. The productivity of 
the lake remained fairly constant during the summer of 195& 
and 1959# generally measuring between 1 and 2 mg. carbon/m^/ 
day. 
Table J. The relationship between productivity and total 
light energy 
Net productivity Incident light 
Date gm. carbon/m2/day 103 foot candle hours 
June 1 2.10 78.9 
1.50 77.2 H 
" 5 î.êo 77.0 
" 10 1.32 46.2 
n 11 1.40 33.9 
" 12 1.70 79.5 
" ig i.o4 21.9 
" 22 1.27 75-g 
" 23 1.02 33.9 
" 25 O.95 57.4 
" 29 0.75 17.1 
" 30 0.5g 12.9 
July 1 1.16 29.7 
! 1? 1.59 71.5 
" 14 1.72 70.4 
" 1.92 69.3 
0 16 1.44 73.9 
9 17 1.13 33.0 
The Diurnal Periodicity of Photosynthesis 
Diurnal cyclic changes in the photosynthetic capacity of 
phytoplankton were first reported by Doty and Oguri (1957). 
The net rate of photosynthesis of ocean surface samples llluml-
4o 
nateâ under controlled conditions was found, repeatedly, to 
vary with the hour of collection. The range of variation 
during a 24 hour period (early morning maximum- evening mini­
mum) was 6 fold. Similar results were obtained using sea 
water held in carboys on deck. It was suggested that the 
obser ved periodicity may have been due to cyclic changes in 
respiratory rates or chlorophyll content. No corroborating 
data were presented, however, 
Yentsch and Eyther (1957) examined the carbon fixation 
rates of samples taken from carboys suspended at the water 
surface in Woods Hole Harbor and found a 2 fold diurnal change 
in both fixation rates and chlorophyll a content during one 24 
hour period. The parallel increase and decline of the chloro­
phyll a content and photosynthetic rate (r = 0.63) indicated 
an interrelationship between them. 
In order to determine if similar diurnal changes occurred 
in Clear Lake, surface water samples were taken at 4 hour 
intervals from 2000 hours August 11, 1959 to 1210 hours August 
13, 1959, a&d from 1630 hours September 2, 1959 to 1210 hours 
September 4, Î969. Clear skies prevailed during both periods. 
The samples (in triplicate ) were illuminated for 4 hours at 
1100 f.c. in a constant temperature water bath (22°C.). The 
chlorophyll a content of the lake water was determined. The 
carbon-l4 method was used to measure rates of photosynthesis, 
and the oxygen method was used to determine respiration rates. 
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Maximum rates of photosynthesis occurred in early morning 
collections during both periods studied (Fig. 12). Diurnal 
differences in carbon fixation rates and chlorophyll a content 
were only about 25 per cent. Maximum concentrations of chloro­
phyll a occurred late in the day, and carbon fixation rates 
were seen to decline in the face of increasing chlorophyll a__ 
content. The correlation between diurnal changes in chloro­
phyll a and productivity was low (r = 0.20). 
The minimum rate of respiration occurred during a period 
in which the phytoplankton showed a minimum capacity to carry 
on photosynthesis. This indicated that, during the period 
studied, the apparent periodicity in net photosynthesis was not 
due to an inverse relationship between photosynthesis and 
respiration. 
The daily decline in the capacity of the phytoplankton to 
carry on photosynthesis may be due to the cumulative effects 
of photoxidation. Confined samples (or ocean waters) ex­
posed to surface illumination would be more affected than 
surface plankton in turbulent waters. This may explain why the 
observed range of measurements was smaller for Clear Lake than 
those reported elsewhere. 
Further studies are needed to clarify the relationships 
involved. 
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Annual Primary Production 
The average net primary productivity during the period 
June 23-October 18, 1958 was 1.4-1 gm. carbon/m2/day ( carbon-l4 
data from 29 days). In 1959 > net primary productivity during 
the period May 2-Aug. 12 averaged I.3S gm. carbon/m2/day 
(carbon-l4- data from 1Q days). Because of the similarity of the 
rates, a combined average of 1.4o gm. was considered a reason­
able estimate of the net primary productivity during the period 
May 2-October 18 for the I95& and 1959 seasons. 
The relationship between the gross and net productivity 
values obtained with the oxygen and carbon-l4 methods during 
I958 is summarized in Table 8. The average depth of the photic 
zone in 1958 was about 7.5 ft. 
Table 8. Average gross and net measurements of photosynthesis 
Measurement Method used Gm. carbon/m2/day* 
Gross productivity Oxygen 
Net " Carbon-14-
11 » Oxygen 1.01 
(Respiration) « 0.94 
*These values do not include losses due to respiration 
during the hours of darkness. 
Net productivity values obtained with the carbon-14 method 
are a measure of gross photosynthesis less phytoplankton 
respiration. The average phytoplankton respiration during the 
photoperiod (0.55 g™. carbon/m2) was estimated by subtracting 
44 
net ( carbon-14-) productivity (1.4-0) from gross productivity 
(1.95)• The respiration of the phytoplankton for a 24 hour 
period was 2 X 0.55» or 1.10 gm. carbon m2. The average net 
gain at the phytoplankton level, 0.25 gm. carbon/m2/24 hours, 
was found by subtracting respiration (1.10 mg.) from gross 
photosynthesis (1.95 g&. ). On this basis the net gain for 
the period May 2-0ctober 18, 1958 (1?0 days), was 144.5 gm. 
carbon/m2 (1200 lbs./acre). Because this does not take into 
account losses of photosynthate by excretion during photo­
synthesis, or the effects of the length of the exposure period 
of the bottles on the estimates of daily production, the actual 
net gain is greater than the calculated value. 
Lake Chlorophyll 
The observations of Kozminski (193g), G-essner (1949), 
Anderson et (1955), Ichimura (1956), and others indicate 
that the total chlorophyll content of eutrophic lakes ranges 
from 10 mg/m3 to 60 mg./m3 or more. Ho scheme of trophic 
classification of lakes based on chlorophyll was found in the 
literature. 
Riley (1941), Marshall (1956), Yentsch and Ryther (1957), 
and Homes (1958), have reported marine chlorophyll concentra­
tions of 0.1 mg./m3 to 15 mg./m3. According to Steemann 
Nielsen (1957) the chlorophyll concentration in the oceans 
%5 
(photic zone) averages about 1.5 mg./m3 (180 mg./m2 surface 
area). 
The concentration of total chlorophyll In 01 ear Lake (1959) 
varied from 22*3 mg./m3 to 7°.S mg./m3. The ratios of chloro­
phyll to ash-free weight were in a range similar to that found 
in Wisconsin lakes (O.OOI3-O.OO61) by Manning and Juday (194-1). 
The algae of Clear Lake are predominantly of the 
Chrysophyta and Myxophyta. Since neither of these groups con­
tains chlorophyll b, large ratios of a:b may be expected. The 
lowest a:b ratio (Table 9) was observed during a bloom of 
Ankl strode sinus (June 3) • Low a:_e ratios occurred during blooms 
of Dinobryon (April IS), and Meloslra (May 2, June 25, and 
July 1). 
Table 9» Chlorophyll concentration in Clear Lake (1959) 
Total Total** 
chloro chlorp Total chlorophyll 
mg./m3 mg./m2 a/b a/c Ash-free wgt 
Date 
April 18 33.3 33.7 10.4 1.1 0.0060 
May 2 53.5 122.2 303.7 2.0 0.0034-
" 19 42.3 97.3 338.6 11*5 
June 3 48.8 111.5 6.4 * 
" 11 37.6 85.9 * * 0.0014 
" 25 34.9 79.7 16.1 5.8 0.0018 
July 1 70.3 161.8 17.9 5.5 O.OO34-
" 14 42.5 97.I * * 0.0024 
" 17 36.4 83.2 * * 0.0022 
Aug 12 22.3 51.2 91.0 10.2 0.0012 
*Minor chlorophylls were not detected. 
**Based on average depth of 7*5 meters (State Planning Board 
1935). 
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The correlation between the optical density and the 
chlorophyll content of the lake water was low (Fig. 13 ). This 
Indicated that the chlorophylls played a relatively minor role 
in the absorption of light passing into the lake. 
Ash-Free Weight of Ss- .ton 
The amount of organic matter accumulated by an aquatic 
community is mute evidence of its productive capacity. However, 
the measurement of this "standing crop" of particulate food 
material, though of considerable interest, provides little 
information concerning the primary productivity of the com­
munity. 
An average standing crop of 24.9 g./m2 (dry weight) was 
found in 4 hard-water lakes in southeastern Wisconsin by Birge 
and Juday (1934). The observed ash-free weights of seston in 
Clear Lake (also a hard-water lake) were somewhat greater than 
this (Table 10). A distinct spring maximum was observed in 
1959 (Fig. 14)« A peak in phytoplankton "unit" numbers did not 
occur at this time. This may be due to a failure of the 
plankton "unit" method to provide a true estimate of the stand­
ing crop. 
A close relationship was observed between ash-free 
weight and the optical density of the lake water (Fig. 15,  l6 ) .  
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Table 10, Mean ash-free dry weight of seston in Clear Lake 
Year 
1%./liter Gia./m2 Lake total 
(metric tons) 
1953 
Station 
H 
n 
I 
II 
III 
15.4 
14.3 
31.3 1:1 
500 
I959 
Station I 19.4 44.3 
650 
Dissolved Organic Carbon 
The role of dissolved organic substances in fresh-water 
and marine environments is complex and remains obscure. These 
substances may be excretion products, but they may arise, also, 
from the decay of the plankton, from bottom deposits, or from 
external sources such as drainage (including sewage). 
Working with cultures of Chlamydoaonas, Allen (195&) and 
Lewin (195&) reported that as much as 45 per cent of photo-
synthate was excreted into the medium as glycolic, oxalic, and 
pyruvic acids, and as polysaccharides of arablnose and 
galactose. Tolbert and Zill (195&) found that from 3 to 10 
percent of the carbon-l4 fixed by Chlorella cultures was 
excreted as glycolic acid. 
It has been suggested that dissolved organic materials 
may act as energy sources, growth promoters or inhibitors, and 
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as regulators of feeding activities. The importance of these 
materials as sources of phosphorus was recognized "by Rohde 
(1945) -who observed that Asterlonella -was able to grow at a 
much lower (inorganic) phosphate level in lakes than in labo­
ratory media. Chu (1946) had reported earlier that some marine 
diatoms could use phytin and phosphoglyeerie acid as sources 
of phosphorus. From the study of some 479 Wisconsin lakes, 
Juday and Birge (I93I) found that approximately SJ per cent of 
the phosphorus in solution was organically bound. Similar 
findings were reported by Hutchinson (1941). 
Utilization of dissolved organic materials by a marine 
invertebrate was reported by Collier _et al (1953)* The pump­
ing rate of oysters was observed to respond quantitatively to 
the concentration of dissolved carbohydrates in the sea water. 
As much as 50 mg. of carbohydrate per hour was absorbed from 
the water by a mature oyster. 
Studies of marine environments by Bond (1933); Fox _et al 
(1952), Lewis and Hakestraw (1955), and others, have disclosed 
concentrations of dissolved organics ranging from 0.2 mg. to 
S5 mg. per liter. According to Birge and Juday (1926,1934) the 
concentration in Wisconsin lakes ranged from 2.4 mg. to 57 mg. 
per liter. In lakes where little or none of these materials 
came from external sources, the average composition was found 
to be 24- per cent crude protein, 74 per cent carbohydrate, and 
2 per cent lipid. 
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The concentration of dissolved organic carbon in Clear 
Lake ranged from 16.9 mg. to 37.7 mg. per liter (Pig. 17). In 
general the concentration remained fairly constant. The fact 
that a spring maximum concentration preceeded the seston maxi­
mum in 1959 may or not be significant. 
The ratio of organic matter to carbon was found to be 
approximately 2 for Wisconsin lakes. Applying this relation­
ship to the Clear Lake data, the average amount of dissolved 
organic matter in the lake in 1958 and 1959 -was calculated at 
1520 and 1900 metric tons respectively ( Table 11). On this 
basis the average combined dry weight of seston and dissolved 
organic substances in the lake would then be 2200 tons (1300 
lbs./acre) in 1958, and 2600 tons (l600 lbs./acre) in 1959. 
Table 11. The mean observed concentration of dissolved 
organic carbon in Clear Lake 
Year 
Mg./liter Gm./m2 Lake total 
(metric tons) 
1953 
Station 
n 
11 
I 
II 
III 
22.5 
22.7 
25.3 
51.4 
51.9 
27.O 
760 
1959 
Station I 28.3 64.7 
950 
The ratio of dissolved organic matter to plankton organic 
matter ( seston) was 3.04- in 195& and 2.92 in 1959» This 
approximates the ratio (6.0) found in Wisconsin lakes in which 
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the dissolved organic matter -was derived from the plankton 
only. Ratios were much higher in lakes in which the principal 
source of dissolved organic matter was external to the lake. 
The Productivity of Algal Cultures 
The analysis of the relative productivity of component 
species of natural phytoplankton populations has been largely 
neglected* Verduin (1952) studied the productivity of diatom 
communities in western Lake Erie and found that the produc­
tivity of Asterionella-Cyclotella populations was 1.7 fold 
greater than that of Stephanodisous populations (equated on 
a cell volume basis). Tailing (1957) investigated the photo-
synthetic rates of Asterionella, Fragillaria, and Melosira 
from English Lakes but no comparisons were attempted. 
To study the productivity of the major taxonomic groups 
of Clear Lake algae, unialgal laboratory cultures of 11 typi­
cal species were maintained. Five of these species were chosen 
for the studies described in Table 12. 
Because of the differences in environmental ontogeny be­
tween the lake phytoplankton and algal cultures the produc­
tivity of the two cannot be directly compared. The relative 
rates of production of the cultured species are of interest, 
however. There is for instance a 30 fold difference in the 
productivity per plankton unit. Variation in productivity per 
mm3 cell volume is much less (S fold). 
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Table 12. The net primary productivity of cultured species 
of Clear Lake algae 
Organism Mg. carbon Volume of Kg. carbon Mg. carbon 
fixed , average flxed/hr. fixed 
hr./lOu plankton mg. chloro a hr./mm5 cell 
units unit Çu3) volume 
P. bory. O.230 11,200 3.41 0.0205 
S. gracile 0.0297 1,050 I.79 0.0290 
N. palea O.OO^lS 1,020 1.9%- O.OO933 
K. comm. O.OO766 750 1.05 0.0102 
A. spir. 0.0373 7,870 2.40 0.00^74 
The similarity in the productivity per mg. chlorophyll a 
suggests that the chlorophyll a content of natural communities 
would be a good index of productivity at the depth of optimum 
light intensity. Byther and Yentsch (1957) reported an average 
of 3.7 mg. carbon fixed/hr./mg. chlorophyll a at optimum light 
intensities in marine phytoplankton communities. In Clear 
Lake the average was 4-.27 mg. carbon fixed/hr./mg. chlorophyll 
a (this figure may be somewhat too large because of incomplete 
pigment extraction). 
The plankton unit method as now used, does not take into 
account morphological and physiological differences between 
species* It is not likely to provide a valid estimate of the 
standing crop or its primary productivity. For example the 
correlation between plankton unit count and maximum produc­
tivity (mg. carbon fixed/1./hr) for the period May 2-Aug. 12, 
1959 was -0.381,(11 d.f.). 
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SUMMARY 
1. Measurements of primary productivity were made in Clear 
Lake, Iowa, during the periods June 23-November 26, 195g 
and April 1E>-August 12, 1959. Carbon-l4 and oxygen 
methods were used, 
2. Carbon-l4 values of productivity were between net and 
gross oxygen values. 
3. The gross primary productivity of Clear Lake averaged 
1,95 gm. carbon/m2/day. The efficiency of utilization 
of incident light energy for the period June 23-July 23, 
1958 was about 0.7 per cent. The net gain at the plant 
level for the period May 2-0ctober IS, 195$ estimated 
as 0.S5 gm. carbon/m2/24- hours. 
4. Differences in the productivity of stations I and II 
(I95S) were small. This is in agreement with other evi­
dence of uniform conditions in the main part of the lake. 
Although Station III (the west end of the lake) differed 
from the main body of the lake in numbers of phytoplankton 
and depth of the photic zone, the productivity per m2 
surface was essentially the same. 
5. Daily differences in productivity at station I in 1959 were 
highly correlated (r = 0.807) with daily changes in inci­
dent light energy. 
6. A daily periodicity in the capacity of the phytoplankton 
to carry on photosynthesis was observed. Diurnal changes 
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in photosynthetic rates did not parallel diurnal changes 
in chlorophyll a content of the phytoplankton. 
The chlorophyll a content of the lake water varied between 
20.1 and 57.2 mg./m3. An average of 4.57 mg« carbon/hr./ 
mg. chlorophyll a was fixed at the depth of maximum pro­
ductivity. 
The mean ash-free weight of seston in the lake was 34 gm./ 
m2 in 1958 and 44 gm./m2 in I959. The photic zone was 
reduced from 2 meters in I95S to 1 meter in 1959. 
The dissolved organic carbon averaged 52 gm./m2 in 1958 
and 65 gm./m2 in 1959» 
Laboratory measurements of the productivity of species of 
Clear Lake algae (Pediastrum boryanum, Staurastrum 
Kraclle, Anabaena spiroides, Hitzschla palea, and 
Nitzschia communis) indicate a similarity in rates of 
production per unit chlorophyll a. Productivity per unit 
cell volume varied widely among species. 
Evidence is presented indicating that the plankton unit 
method is not likely to provide valid estimates of the 
standing crop and primary productivity of heterogeneous 
phytoplankton populations. 
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